Abstract: Ageing significantly increases the prevalence of chronic diseases. Public health services expenditures grow in a biased way because chronic diseases are responsible for 50% of healthcare costs. Telemonitoring and Home Support Systems (THSS) can act as early warning systems trying to forecast the worsening or exacerbation of chronic conditions. We propose a wireless sensor network for THSS of an adult living alone in his habitual residence. The system is evaluated by means of a discrete event simulation model using the activity scanning approach. Graphics from sensor data allow to present summarized reports to family and healthcare providers through web applications.
Introduction
The Population Division of the United Nations Department of Economic and Social Affairs estimated a world population of 7.2 billion in mid-2013 with an average annual growth of 81 million people. It is projected to increase by almost one billion people within the next twelve years, reaching 8.1 billion in 2025, and to further increase to 9.6 billion in 2050. Analyzing by cohort, the population aged 60 or over is currently increasing at the fastest pace: for developed countries 1.0 per cent annually before 2050 and 0.11 per cent annually from 2050 to 2100; this age group will rise from 287 million in 2013 to 417 million in 2050. In less developed regions, the population aged 60 or over is currently increasing 3.7% in the period 2010 -2015, and is projected to increase 2.9% in the period 2016 -2050, and 0.9% for 2050 -2100. As a result, in developing countries people over 60 are expected to rise from 554 million in 2013 to 1.6 billion in 2050 (United Nations, 2012) . Those figures clearly show that world population is ageing. Main reasons are three concurrent factors: i) declining fertility; ii) continuing advances in science and health technologies; iii) steady progress in economical, social and environmental conditions resulting in longer life expectancy worldwide. Ageing significantly increases the prevalence of chronic diseases such as hypertension, asthma, cardiovascular disease, diabetes, chronic obstructive pulmonary disease (COPD) and others that are major causes of deaths throughout the world. Chronic patients living alone at home die of various diseases for the lack of an efficient system having prior prediction ability in the irregularities of their vital signs. Besides, public health services expenditures grow in a biased way because people with chronic diseases are responsible for 50% of the healthcare delivery costs (Paré, Jaana, & Sicotte, 2007) . The increased prevalence of long-term chronic conditions in a time of changing demographics, the necessity of reducing healthcare costs, and the likely shortage of direct care workers (nurses, paramedics, health aides, home health aides) indicate the need for a radical change in the process of care. Healthcare costs reduction can be provided by patient management approaches that extend the transmission of data from chronic patients living alone in home to health care centers. The traditional public health services model must be modified by a proactive one able to provide resources at any time and everywhere. The proactive model is based on two key concepts: customized health systems; and Telemonitoring and Home Support Systems (THSS) (European Commission, 2011; Holland, 2016) . The former provides personalized, continuous and quality controlled health services independently of the patient's location. It consists in: i) ambient and wearables sensors; ii) intelligent data processing associated with expert health professionals; iii) active feedback in order to improve diagnostic, treatment or prevention according to the needs of individual patients. THSS attempts to transform the patient environment in order to gather and share resident data with themselves, their families and associated care providers. The technologies involved can act as early warning systems trying to forecast the worsening or exacerbation of the resident chronic conditions. There have been some academic projects related with bringing smart elder care technologies into the home: i) the CASAS (Center for Advanced Studies in Adaptive Systems) project from the Washington State University (CASAS, 2016) monitors a subset of daily activities in order to identify consistency and completeness in dementia patients; ii) the PlaceLab project from MIT (Massachusetts Institute of Technology, 2015), a scientific R&D structure full of sensors, controllers and smart devices. A group of volunteers were monitored under different scenarios and diverse monitoring technologies; iii) Gator Tech Smart House from University of Florida (2016) is equipped with high-tech devices that give older people with diminished physical skills or a failing sense of memory a place to live safely and comfortably by themselves. Electronic monitoring lets the residents ask the house if all the doors and windows are locked and secured before going to bed. Researches stay or live in the house with residents monitoring everything that happens for days at a time. Numerous companies are launching to the market sensors, monitoring systems, remote support systems and other telemedicine solutions (Phillips Enterprise Telehealth, 2016; Samsung, 2016) , but there is not enough reliable information about their effectiveness and usefulness. A growing number of hospitals and clinics are using sensors to measure a variety of health measures such as heart rate, blood pressure, glucose levels and others. Despite the many technological innovations that are already on the market, the development of an efficient system for remote health provision is a complex and massive task due to the need for integrating heterogeneous technologies in a very imbricate structure. The industry lacks a proper integration of sensing technologies, data collection, remote transmission, algorithms and computational methods able to produce the desired results (Suryawanshi & Bhute, 2014) . Several difficulties arise during the deployment and evaluation of real smart elder care technologies into the home: need to collect data over a long period of time; difficulty in recruiting participants; data with disparate level of confidence; difficulties to observe abnormalities; difficulty in observing risky scenarios (Cardinaux, Brownsell, Bradley, & Hawley, 2013) . There are some public data sets that can be used for training and testing monitoring systems (UCI, 2016) . Its usefulness is limited because many of the recruited volunteers are not elderly people, data is very specific to the local culture and not always reliable because monitored people behaves differently in their daily activities. These difficulties indicate the convenience of an early simulation step previous to the deployment of a real monitoring system in the residences of elderly people. A careful simulation study is an efficient tool to gain understanding and comprehension of the behavior of a complex system. A simulation model allows to experiment and tune diverse scenarios and configurations, and to shed some light about ideas, algorithms and methods related with THSS. As a result, the final design could be more robust, reliable and low priced. The literature reports a certain number of simulators or simulation models used to evaluate the capability of monitoring and home support systems, but the extreme complexity of the problem has not yet allowed to obtain a definitive solution (Elfaham, Hagras, Helal, Hossain, Lee, & Cook, 2010; Kormanyos & Pataki, 2013) . The aim of this paper is to propose a wireless sensor network for telemonitoring and home support of an adult with chronic diseases living alone in his habitual residence. We evaluate and tune the proposed system by means of a simulation model given the natural difficulty of performing intrusive and long-term experiments at homes of elderly people with chronic diseases. The system allows to generate graphics from huge amounts of sensor data and to present summarized reports to the family and health care providers through web applications.
Simulation model
The simulation model was developed using Microsoft Visual C#, a multi-paradigm, general purpose, object oriented programming environment used to create computer applications for the Microsoft Windows family of operating systems; it combines the C# language and the .NET Framework. ZedGraph, a class library, Windows Forms UserControl, and ASP web-accessible control for .NET, was employed for drawing different kind of charts. SketchUp Pro 2015 software was employed for modeling the 3D view. Sensor network lines were drawn by means of Visual Basic Power Packs Line and Shape controls. Microsoft SQL Server 2008 was employed as a database engine for storing data and results. The simulation algorithm was developed according to a discrete event simulation model scheme using the activity scanning approach (Evans & Olson, 1998) . It corresponds to a dynamic, discrete and stochastic simulation model. The dynamic dimension involves the advance of the simulated time and a explicit representation of the sequence of daily activities performed by the environment simulated resident. The discrete dimension indicates that the events of interest change at separate points in time. The stochastic dimension enables to modelize the comparatively unpredictable behavior that human beings show in their daily activities. The activity scanning approach consists of sequences of activities waiting to be executed, and simulation proceeds from event to event executing those activities whose conditions are satisfied. An activity is defined by a couple of events: one to begin and the following to complete an operation that transforms the state of an entity. The proposed simulation model consists of three main components: i) the residence subject whose daily activities are monitored; ii) the residence environment; iii) wireless sensors networks (WSN). The model is restricted to monitoring only one subject; it is not considered a significant constraint because the coexistence of two or more people in a residence allows a better mutual assessment of their health status compared with any information system. The residence environment consist of one bedroom, one bathroom, an equipped kitchen, a studio with a computer and a living room with a TV set. The wireless sensor networks are used mainly for detecting those Activities of Daily Living (ADLs) performed by the simulated subject in the monitored residence. Two types of ADLs are defined: i) specific time activities (STADL) such as having breakfast, dinner, sleep at night characterized by being performed only once per day in a constrained time frame; ii) repeating activities (RADL) such as going to bathroom, drinking an infusion, watching TV commonly performed more than once per day without any time frame. ADLs were chosen according to their possibility of being registered by simple and inexpensive sensors, and whose major changes may be indicative of the need for a medical intervention or as an early warning. A sensor management module allows to include different types and models of wireless sensors to measure some properties of the environment such as motion, temperature, humidity, luminosity and pressure (bed and seats). Also contact (opening of doors) and sound sensors, and smoke detectors are included in the module. Sensors can be added or removed, activated or deactivated by right clicking on a blue square drawn in different environments of the simulated residence. The system allows to set the probability of occurrence of a sinister (fire, gas leak, etc.), distributing this probability between the different rooms of the residence. The simulation progresses through time according to a four level mechanism: i) generation of the sequence of activities; ii) advance of the simulated time to the time of occurrence of the most imminent activity; iii) activation of the corresponding sensors; iv) storing of data and results in the database. One of the fundamental assumptions of the proposed model is that the sequence of daily activities are generated by means of appropriate probability distributions specific to each ADL chosen. They are determined analyzing empirical data and fitting the data with an appropriate software. If the times of occurrence of one or more activities overlap, the new activities enter a queue and the algorithm selects them according to a FIFO discipline. The sequence of random numbers needed to generate the random variates is obtained from the programming language random number generator using as a seed the microprocessor clock or a value entered through the keyboard. The latter alternative is employed to repeat the sequence of random numbers during the verification step to ensure that the model is free from logical errors. An animation scheme was included in order to improve the representation of the ADL sequence. Animation is described as a pictorial display that changes its structure or other properties over time and which triggers the perception of a continuous change (Schnotz & Lowe, 2008) . Animation assists in the model validation step -ensuring that the model is a good representation of reality-by allowing that family and health care providers take a look at the sequence of activities performed by the simulated patient. Additionally, the system includes the possibility to perform the simulation without the animation process for exploratory or production runs.
System description
A smart home is a residence equipped with sensors to observe the environment and their residents, and also equipped with devices which provide proactive services capable of supporting and enhancing daily life. Three different types of sensor technologies have been used for sensing human activities in smart homes: a) wearables sensors; b) ambient sensors; c) infrastructure mediated systems (Ding, Cooper, Pasquina, & Fici-Pasquina, 2011) . The (a) alternative presents many concerns related with privacy and obtrusiveness, and portables measuring devices are very prone to failures. The (c) alternative is technically complex and expensive where there is not an appropriate infrastructure for installation and maintenance of sensors in an already built residence. The (b) alternative corresponds to a set of autonomous devices distributed flexibly along the residence and wirelessly communicating among themselves. We propose a wireless ambient sensors network embedded in the environment that satisfies the following requirements: i) discrete and unobtrusive; ii) low energy consumption; iii) low cost; iv) communicate seamlessly through a simple all-purpose communication protocol; v) ease of installation and maintenance; vi) confidentiality to protect privacy of user´s data. Table 1 shows pictures and describes principal features of the selected sensors.
TABLE 1. SENSORS DESCRIPTION
The system hardware architecture corresponding to a three-tier layer is shown in Figure 1 : Tier 1 is the perception level and consists in different types of sensors according to the monitored variable. Tiny sensors are connected according to a mesh topology and communicate themselves by means of a ZigBee Protocol (IEEE802.15.4). ZigBee technology belongs to a short-range and low-power wireless communication technology which uses 2.4GHz band. This product has characteristics of low power consumption, low cost, low rate, low latency and high network capacity. Three devices with different functions in a ZigBee network, namely ZigBee coordinator, ZigBee routers and end devices are shown in Tier 1 of Figure 1 . The product can maintain operation for six months to several years. We have chosen ZigBee because some people claim it will be a global standard for ubiquitous networks in the near future (Ozkul & Sevin, 2014) . Tier 2 is the processing level and consists of a server and a router. The server receives the low-level sensor information and stores it in a database to be processed by data processing techniques for activity recognition and anomaly detection. The information is encrypted prior to transmission via router to an Internet server. Tier 3 -the application levelsummarizes the information for family and caregivers. A data repository stores the information to track the resident conditions for coaching, counseling or treatment. Safety procedures are included to ensure privacy of the user´s sensitive data throughout all the communication chain and data repositories.
FIGURE 1. SYSTEM ARCHITECTURE

Data collection and fitting
The generic profile of the simulated resident corresponds to an elderly person who lives alone at home, has autonomy of movement, suffers from a chronic illness but prefers to live privately and independently. A 81 year-old woman, living alone in her habitual residence, recorded in a preformatted form specific time and repeating activities during six months. Absent or missing data was completed by means of the Random Data function from the Calc Menu of the Minitab software. Crystal Ball (Evans & Olson, 1998) , a very powerful data-fitting software was employed to obtain the probability distribution functions (and corresponding parameters) of the time of start and duration of the STADL which best fit the recorded data. Frequency of RADL were modeled through empirical probability distributions. Figure 2 shows the best fit to the collected data for the Duration property of the Sleeping STADL. The following probability distributions were selected by Crystal Ball for the others STADLs WSN were tested by equipping test apartments with sensors already described in Table 1 : movement infrared sensors to detect the residence passages, contact sensors to monitor opening or closing of doors, pressure and light sensors to determine sleeping times, pressure sensors to compute TV and computer usage, etc. Figure 3 shows how the combined use of temperature, humidity and light sensors enables to detect the ADL taking a shower. (Coronel, Feldman, Jozami, Kehoe, Piacentini, Dubbeling, & Escobedo, 2015) . Figure 4 shows the simulation model main screen: the simulated environment consisting of one bedroom, one bathroom, an equipped kitchen, a studio with a computer and a living room with a TV set. The snapshot shows the resident performing one of his RADL (watching TV) in the present run. The green circles over the blue squares indicate that those sensors are in active mode. An intense green circle indicates a sensor gathering data while blue squares correspond to sensor potential locations inactive in the present run.
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Discussion
FIGURE 4. SIMULATION MODEL MAIN SCREEN
Before starting a simulation run, we proceed to activate the sensor array that characterize the scenario to be evaluated. We also define the probability of occurrence of a sinister (fire, gas leak, etc.) and distribute that probability between the different rooms of the residence. We establish the simulation starting date, the length of the simulation and choose between performing the simulation with the animation process (for model validation or scenario visualization) or without it for production runs. Different scenarios related with quantity and deployment of the sensors observing the environment and the resident were evaluated. During each run, sensor data is shown in a sensor log and stored in a database. From these data, production graphics and metric reports are created and transmitted through web applications. The application level contains a set of graphics apps that allow family members and remote healthcare providers to observe timely and summary information related with the monitored residence ADL´s. Figure 5 shows images that can be observed in a smartphone associated with data collected by sensors in the bedroom: temperature, relative humidity (removed), bed occupancy, luminescence and smoke detection (deactivated). Figure 6 shows a graph of average values of the occupation of different areas in three hours periods: a major occupation of the bedroom is observed as a result of the habit of the dweller to read while lying in bed. Figure 7 shows in a Gantt diagram style the distribution of both types of ADL's during three days. This type of graphical output can be used as a tool to detect changes in the inhabitant daily activities. Another valuable figure is the interruption graph which may serve for early detection of changes in behavior or in biomedical variables. This figure shows, on a daily basis, in blue dots the number of times the resident goes to the bathroom, in brown dots the number of times that going to bathroom interrupts another ADL, and in grey dots the number of times that going to bathroom interrupts sleeping. The interruption graph is a very important one because of the increased risk of falling during nightly visits to the bathroom. Access to sensor datasets is essential for the development of an efficient system for remote health provision. Procurement of such datasets is subject to restrictions for the reasons previously indicated. The generation of synthetic data sets by means of simulation models is a suitable alternative previous to the deployment of a real monitoring system. The proposed system allows the collection of such kind of synthetic data sets to be used during the next project step to train and evaluate activity recognition and anomaly detection algorithms.
FIGURE 7. DAILY SUMMARY GRAPH
Conclusion
Fertility decline combined with increases in life expectancy is resulting in world population ageing. Besides, in developed and developing countries more of the elderly people is going to live alone in their habitual residences in spite of health and safety risks. Smart homes offer a viable, safe, dependable and relatively inexpensive alternative as a assistive and protective environment for elderly people with chronic diseases. However, its success is not a priori guaranteed but depends on the quantity, quality and deployment of the sensors involved and of the system general arquitecture. A first proposal of a wireless sensor network for telemonitoring and home support of an adult living alone in his habitual residence is described. The system hardware architecture corresponds to a three-tier layer with a perception layer consisting of low cost tiny sensors communicating seamlessly by means of a ZigBee Protocol. The proposed system is evaluated by means of a discrete event simulation model using the activity scanning approach. A set of applications allows to generate graphics from huge amounts of sensor data and to present summarized reports to the family and health care providers through ISSN: 1804-4999 © 2017 Prague Development Center web applications. The objective of the system is to improve the quality of life of elderly people living alone in their residences trying to prevent the worsening or exacerbation of chronic illness.
